Background: Recent international guidelines for acute pancreatitis (AP) recommend limiting anti-infective therapy (AIT) to cases of suspected necrotizing AP or nosocomial extrapancreatic infection. Limited data are available concerning empirical and documented AIT prescribing practices in patients admitted to the intensive care unit (ICU) for the management of AP.
Introduction
Limited data are available concerning empirical and documented anti-infective therapy (AIT) prescribing practices in patients admitted to the intensive care unit (ICU) for management of acute pancreatitis (AP). Many clinical conditions related to abdominal or extraabdominal sources of infection can lead to the prescription of AIT. Recent international guidelines recommend limiting the use of antibiotics (AB) to cases of suspected necrotizing pancreatitis or nosocomial extra-pancreatic infection and to treat other known fungal infections with antifungal therapy (AF) [1, 2] .
Most publications focusing on AIT in patients with AP have reported single-centre experiences [3] [4] [5] [6] [7] [8] , while multicentre data on the clinical and microbiological features of acute infections in ICU patients are rare. The largest multicentre point-prevalence study collected data from ICU patients one decade ago during the EPIC II trial [9] . The authors reported that half of these patients were infected and 71% received antibiotics on the day of the study.
We used data from a large multicentre retrospective database of ICU patients with AP [10] to describe AIT use on ICU admission and during the first 30 days, evaluate between-centre variability in terms of the incidence of infections and AIT prescribing practices, evaluate outcome in terms of morbidity and mortality and identify independent risk factors evaluated on admission associated with mortality.
Methods
Patient data were extracted from a multicentre, retrospective, observational database involving 17 French and Belgian ICUs [10] . Patients for whom data concerning AIT with curative intent were available from ICU admission until day 30 were selected. AIT administered before ICU admission could not be determined.
This study was approved by the French Society of Anaesthesiology and Critical Care Medicine Ethics Committee (00010254-2015-017) and the French Personal Data Protection Agency (16) (17) (18) (19) (20) (21) (22) (23) . According to French legislation, this observational study did not require the patients' informed consent. The study was performed in accordance with the STROBE recommendations [10] .
Clinical data
Baseline demographic, clinical and laboratory characteristics; organ failure; AIT; and organ support therapies were recorded on ICU admission and until day 30. Diagnostic criteria for sepsis and septic shock were those used at the time of admission of the patients in agreement with the International Sepsis Definitions Conference [11] . Organ failures, scored according to the SOFA score, were used to describe severity on ICU admission [12] . Commonly reported risk factors for AP [1] and Balthazar score were assessed on admission, while the BISAP score was calculated retrospectively [13] . Clinical management, microbiological examinations, criteria for diagnosis of infection and selection of AIT were decided according to local protocols based on the recommendations of the French Society of Anaesthesiology and Critical Care Medicine [14] .
We analysed patients receiving AIT on ICU admission (day 0) and during the first 30 days (day > 0 to day 30) of management, and AIT duration was recorded. Patients who did not receive any AIT at any time during the 30day follow-up period were classified as AIT-free. AIT with curative intent on day 0 was defined as empirical or documented AIT [15] , and the type of antibiotic (betalactams, carbapenems, aminoglycosides, and anti-Grampositive agents) and antifungal (echinocandins and azoles) therapies were analysed on day 0 and during the first 30 days.
Outcomes
The primary objective of our study was to assess the incidence of AIT during the first 30 days following admission for AP. Secondary objectives were to assess the following: (i) the independent impact of centre characteristics on the incidence of AIT, (ii) all-cause mortality at hospital discharge and (iii) factors associated with crude hospital mortality.
In line with these objectives, the primary study endpoints were the proportions of patients receiving AIT during the first 30 days following admission, with a focus on pancreatic and extra-pancreatic infections and AIT use across specific conditions. Secondary endpoints were infectious complications of AP (e.g. organ failure, sepsis, surgical complications), therapeutic interventions (surgical, percutaneous, endoscopic) from baseline to day 30, all-cause mortality at hospital discharge and assessment of risk factors of death.
Statistical analysis
Results are expressed as median and interquartile range [IQR] or number and proportions. The chi-square test and Fisher's exact test were used to compare discrete variables, and unpaired Wilcoxon tests were used to compare quantitative variables.
The purpose of this study was strictly exploratory. We therefore chose not to take inflation of the alpha risk into account. For the same purpose, only one multivariate model was constructed for the overall population to investigate the association between mortality and the variables of interest. Risk factors for death were assessed by univariate analysis, and unadjusted odds ratio (OR) and 95% confidence intervals (CI) were calculated. Variables with p < 0.10 on univariate analysis were introduced as predictive factors into the complete-case multivariate logistic regression analyses using a backward selection method. The centre effect and AIT on ICU admission were forced into these analyses. The collinearity between predictors was analysed, but no sensitivity analyses were performed. The BISAP score was not used in these analyses because of its post hoc calculation. A logistic model was evaluated for discrimination with the C-statistic and for calibration with the Hosmer-Lemeshow test. No special treatment was performed for missing variables. Statistical analysis was performed with SAS© 9.4 (SAS Institute, Cary, NC, USA).
Results

Study population
Over a 50-month period (2009-2014), individual data for 1003 patients with a diagnosis of AP were collected from medical records on ICU admission and for the first 30 days of ICU stay or until early discharge or death. From this cohort, 860 patients for whom information on AIT was available were analysed ( Fig. 1 ). Overall, 275 (32%) patients did not receive any AIT during their ICU stay. These patients had a short ICU stay and predominantly presented less severe disease than patients receiving AIT (Table 1) .
Anti-infective therapy on ICU admission
At the time of ICU admission, 359/860 (42%) patients were receiving AIT with curative intent, while no cases of prophylactic AIT were reported ( Fig. 1) . No difference was observed between patients receiving AIT on day 0 and AIT-free patients on admission in terms of either demographic data or risk factors for AP, while patients receiving AIT presented criteria of more severe disease and more intensive baseline therapy ( Table 2) .
Most patients (n = 299/359 (83%)) with AIT on day 0 received empirical AB therapy, while 60 (17%) cases received documented AB therapy (Additional file 3: Table  S1 ), with marked between-centre variability (range 9-64%). In three centres, more than 25% of cases were receiving documented AIT on day 0. Patients receiving documented AB had less severe disease than those receiving empirical AIT, but they received similar proportions of broad-spectrum AB and higher proportions of AF (Additional file 3: Table S1 ).
On day 0, the indications for AIT varied among centres (Additional file 1: Figure S1 ). The predominant indications for AIT were intra-abdominal infections (n = 207 patients, including 173 (58%) receiving empirical therapy), pulmonary infections (n = 46, empirical therapy n = 41 (14%)) and bacteraemia (n = 43, empirical therapy n = 28 (9%)). Among the other sources of infections, low proportions of catheterrelated infections, urinary tract infections and skin and soft tissue infections were also recorded ( Fig. 2a ).
Overall, mixed sources of infection in patients with intra-abdominal infections were reported in 22 (11%) cases, including 11 bacteraemic intra-abdominal infections and 8 cases with combined intra-abdominal and pulmonary infections ( Fig. 2a ). Among the 46 (13%) cases initially treated for pneumonia, 3 cases of bacteraemia were observed. A large inter-centre variability was noted in terms of frequency and type of AIT agents (Additional file 1: Figure S2 and S3). Beta-lactams were the agents predominantly used in 272 (76%) patients, including carbapenems (n = 81 (23%)). The other most frequently prescribed agents were aminoglycosides (n = 120 (33%)) and anti-Gram-positive agents (n = 51 (14%)) ( Fig. 2a ). The 81 patients receiving carbapenems were not different from the 278 patients receiving other AIT in terms of severity, but more frequently received combination therapy comprising aminoglycosides, anti-Gram-positive and antifungal therapies (Table 3) . Interestingly, only 14/81 (17%) of these carbapenem prescriptions were documented indications.
Baseline AF therapy was reported in 53 patients ( Fig. 2a , Additional file 1: Figure S2 ) with a predominance of azoles (n = 46 (13% of all AIT)) and 5 prescriptions of echinocandins. These patients did not differ from those receiving AB therapy in terms of underlying disease, initial severity or organ failure. Initial AF therapy was always administered in combination with AB therapy, mainly empirical (n = 36) and frequently comprising carbapenems (20/53 (38%) versus 61/306 (20%) for those receiving AB therapy, p < 0.05). The predominant indications for AF were intra-abdominal infections (n = 37 (70%)) and bacteraemia (n = 12 (23%)).
Anti-infective therapy between day > 0 and day 30
Among the 359 patients receiving AIT on day 0, 19 patients did not receive any subsequent course of AIT, while the remaining 340 cases required additional AIT regimens ( Figs. 1 and 2b) . Overall, between day > 0 and day 30, AIT was administered to 566/860 (66%) patients, including 226 patients who were AIT-free on day 0 (Figs. 1 and 2c). No difference was observed between these two subgroups of patients in terms of underlying diseases and cause of AP. Compared to the 340 patients who received AIT from day 0, the 226 cases with delayed AIT had a less severe clinical presentation on admission. In addition, these patients subsequently experienced a more complicated course with prolonged ICU stay and prolonged AIT ( Table 4 and Fig. 1 ). Most patients received AB, with a marked variability between centres (median 76% (range 54-91) of patients). The indications for AIT varied among centres, but the predominant indications remained intra-abdominal and pulmonary infections (Fig. 2b, c and Additional file 1: Figure S1 , S2, and S3). Mixed sources of infections were reported in 98/340 (29%) patients treated on day 0 and receiving additional AIT before day 30 and 84/226 (37%) patients receiving delayed therapy after ICU admission (Fig. 2b, c) .
Carbapenems and anti-Gram-positive agents were frequently prescribed between day > 0 and day 30, representing 202/566 (36%) and 161/566 (28%) of all AIT prescriptions, respectively (Fig. 2b, c) . Patients receiving carbapenems between day 0 and day 30 had more severe disease than those treated by other AITs. These patients received more combination AIT and had a higher level of therapeutic management than those receiving other AIT, including endoscopic/radiological and surgical drainage ( Table 5) .
Antifungal therapy was reported in 110/566 (19%) patients with a predominance of azoles (n = 67 (61%)) for intra-abdominal indications (n = 76 (70%)) with a large between-centre variability (median of 11% of cases (range 0-31%) (Additional file 1: Figure S2) .
A marked between-centre variability of therapeutic interventions was also reported between day > 0 and day 30, illustrated by large variations in the proportions of patients who underwent endoscopic necrosectomy, surgical necrosectomy and percutaneous drainages (Additional file 2: Figure S4 ).
Outcome
Patients receiving AIT from ICU admission had more infectious complications and therapeutic interventions (both medical and surgical) during the first 30 days of care than AIT-free patients on day 0 ( Table 2) . The 226 cases with delayed AIT had more complications, increased rates of medical management (prolonged duration of mechanical ventilation and AIT, increased frequency of renal replacement therapy) and increased duration of ICU stay, but similar proportions of surgical management compared to the 340 patients who received AIT from day 0 ( Table 4 ). In addition, the patients receiving carbapenems between day > 0 and day 30 had more infectious complications and more therapeutic interventions (both medical and surgical) than the 364 cases receiving other AITs (Table 5) .
Overall, 197/860 (23%) patients died after a median interval of 4 days. The hospital mortality rate was not significantly different between patients receiving AIT and AIT-free patients between day 0 and day 30 ( Table 1) . Fifty-four (20%) of these AIT-free patients died after a median [IQR] of 1.5 [1, 2] days. Most of these patients had underlying cardiovascular diseases (n = 42 (78%)) and were admitted for severe AP (Balthazar score E n = 42 (78%)). From ICU admission, they received mechanical ventilation (n = 27 (50%)), vasoactive support (n = 26 (48%)) and renal replacement therapy (n = 12 (22%)). Major events in the clinical course of these patients included pancreatic necrosis (n = 45 (87%)), mesenteric ischaemia (n = 22 (42%)), abdominal compartment syndrome (n = 9 (17%)) and/or vascular thrombosis (n = 8 (15%)).
Mortality rates were not different between patients treated on ICU admission and those receiving delayed AIT (Table 4 ). Interestingly, the outcome of patients receiving carbapenems on day 0 was not different from that of those receiving other AITs (Table 3) , while patients receiving carbapenems between day > 0 and day 30 had a poorer outcome with a higher mortality rate ( Table 5 ). Among the 205 patients with infected pancreatic necrosis, 56 (27%) died after a median [IQR] of 31 [10-44] days compared to 4 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] days for the 141 patients who died without pancreatic necrosis (p < 0.001). A marked between-centre variability of mortality rates (range 0-41%) was reported, illustrated by 3 centres with mortality rates higher than 35% and 3 centres with mortality rates lower than 10% (Additional file 1: Figure S5 ). Comparison of the clinical presentation, management and outcome of the patients admitted to these units is presented in Additional file 3: Table S2 . In univariate analysis, a higher mortality rate was observed among patients with septic shock or pneumonia on day 0, while AIT on day 0 did not influence the mortality rate (Fig. 3) . In multivariate analysis, risk factors collected on admission and related to death were age, Balthazar score E, oliguria-anuria, vasoactive support and mechanical ventilation on admission, but not AIT (Fig. 4 ).
Discussion
To the best of our knowledge, this is currently the largest study assessing the use of AIT in ICU patients admitted for the management of AP. Overall, 42% of these patients received AIT on admission. Between day > 0 and day 30, 95% of these patients received an additional course of AIT, and 45% of patients who were AIT-free on admission subsequently received AIT. Our data suggest that patients who received early AIT at day 0 presented more severe disease than patients without AIT. In addition, patients receiving delayed AIT appeared to present a higher morbidity rate, despite the absence of significantly increased mortality. Major between-centre variability was observed in terms of both the incidence of infections and therapeutic management. Underlying diseases and baseline severity appeared to be the key In our study population, heterogeneity of practice is illustrated by major between-centre variability in terms of the incidence of infections, management of AIT and therapeutic interventions and prognosis, highlighting the need to more clearly define the indications for and modalities of AIT in AP patients and to analyse the results of treatment very carefully.
Recent guidelines do not recommend AB prophylaxis for prevention of infection of pancreatic necrosis [2] . AB prophylaxis has been extensively described in multicentre studies. In the EPIC-II study reporting the prevalence of infection in ICU patients, de Waele et al. observed prophylaxis in 24% of AP patients receiving AB [9] . In an Indian multicentre study comprising 24% of ICU cases, 67% of patients received AB, including AB prophylaxis in two thirds of cases [16] . Interestingly, prophylaxis was not reported in our cohort, which could be at least partially related to the 2001 French consensus recommendations discouraging its use in AP [17] . More recently, several studies [18, 19] and meta-analyses [20, 21] did not demonstrate any benefit for prophylaxis, which might also have influenced the prescribers' decisions. Consequently, our data provide an interesting opportunity to assess the impact of AIT with curative intent on the outcome of ICU cases of AP.
The proportion of patients receiving AIT at the time of ICU admission was similar to that reported in the EPIC-II trial, in which 45% of patients received antibiotic therapy during the first week after admission to the ICU [9] . In a recent British national review analysing AB use for AP at the hospital level, AB therapy was administered to 62% of patients, while second and third courses were reported in 41 and 24% of cases, respectively [22] . The proportion of cases treated for intra-abdominal infection on ICU admission was much higher in our cohort than in the EPIC cohort (less than 30% in the first week of ICU stay) and the frequency of pneumonia on ICU admission in our cohort was similar to the rate reported by de Waele et al. (44/116 (28%) cases) [9] . In another large cohort of 173 infected patients with AP, Besselink et al. reported 98 (57%) cases of infected necrosis and 84 (49%) cases of pneumonia, but these rates were reported for the entire stay [23] . In another retrospective study focusing on extrapancreatic complications in ICU patients with AP, infectious complications were observed in 56/103 (54%) patients with a predominance of respiratory and urinary tract infections (43% and 21.5% of all infectious complications, respectively) [6] .
The large use of carbapenems in our cohort is not surprising. The broad spectrum of these drugs and their diffusion in pancreatic tissue could at least partially explain the choice of these agents [24] . Additional explanations for these findings could be related to case-mix, local epidemiology, and surgical and endoscopic practices. In a British survey, carbapenems were the agents most commonly used in patients receiving a second course of antibiotics [22] . In line with the guidelines of the Surviving Sepsis Campaign, the use of carbapenems could be considered to be a marker of severity [15] . The selection pressure related to the extensive use of carbapenems has been previously reported to be a risk factor for the emergence of multidrug resistant organisms in many conditions [25, 26] . In the current context of dissemination of multidrug resistant Gram-negative bacilli, cautious use of carbapenems could be proposed in many cases. However, local epidemiology remains a key issue in this setting.
A limited number of AF treatments were administered both on admission and during the ICU stay. De Waele et al. reported low proportions of fungal infections [9] , while other authors have suggested a growing role of fungal infections in AP. However, the patient profiles reported in the literature are quite different, marked by prolonged antibiotic therapy and ICU stay [27, 28] , conditions rarely observed in our patients. Most of our cases received azoles in the context of both documented and empirical AF therapy, which could be explained by the fact that these data were collected several years ago and the proportion of echinocandins may have increased over recent years. However, the diffusion of echinocandins into necrotic pancreatic tissues needs to be formally demonstrated. The mortality rate in our cohort was similar to that previously reported [6, 8, 9, 23] . Patients who received delayed AIT had poorer outcomes in terms of morbidity, nosocomial infections and length of ICU stay, despite a less severe clinical status on admission. Interestingly, AIT-free patients had similar mortality rates to those receiving AIT related to non-infectious complications. The role of infection and AIT on prognosis was not demonstrated in multivariate analysis, despite forcing these criteria into the analysis, suggesting that initial severity plays a major role.
Our study has several limitations. The retrospective nature of the study is obviously an important issue. However, prospective registries including such a large number of cases would appear to be difficult to achieve, and to the best of our knowledge, no such studies have yet been published. The lack of information on AIT before ICU admission is another important limitation to understand the prescribers' treatment decisions. The indications for AIT were left to the discretion of the attending physicians, and between-centre variability is obviously a key point. The prescriber's choices are based on microbiologically proven or suspected sites of infection motivated by the recommendations of microbiology laboratories. In a previous paper, we have reported a similar decision-making process for initiation and management of AIT in French ICUs [29] . The high betweencentre variability in terms of mortality rates is another illustration of the specific case-mix admitted to ICUs. This variability led us to adjust our multivariate analysis to take this factor into account. The adequacy of AB therapy and the pharmacokinetic issues in these severely ill patients also need to be evaluated. The complete microbiological details were not available in our cohort, Fig. 3 Risk factors of death observed on ICU admission (day 0) in univariate analysis in 860 complete cases and the role played by various microorganisms, such as Enterobacteriaceae, enterococci or yeasts, needs to be analysed in more detail. The 30-day timeframe of our analysis provides an incomplete overview of the use of AIT in these cases. This time interval may be too short to demonstrate the emergence of certain specific effects, such as fungal nosocomial infections reported by some authors after prolonged AIT or prolonged ICU stay [27] . Finally, the evaluation at hospital discharge is also a limitation, as the short hospital stay in several cases could limit the validity of our findings, as some late-onset complications may have been missed.
Conclusion
This multicentre, retrospective analysis illustrates the challenges faced by intensivists in the management of patients admitted for AP. High proportions of these patients receive AIT, both on admission and during their ICU stay, mainly for intra-abdominal and pulmonary infections.
Mixed sources of infection are additional indications of AIT during the ICU stay. A large heterogeneity is observed between centres in terms of incidence of infections, AIT prescribing practices, therapeutic management and outcome. Overall, AIT reflects the initial severity and complications of AP, but is not a risk factor for death.
